The morphology and taxonomic values of the sperm in male Chlamys (Swiftopecten) swiftii were investigated by transmission electron microscope observations. The morphologies and ultrastructures of the sperm nucleus and the acrosome of this species are the vase type and long cone shape, respectively. Spermatozoa are approximately 45-50 μm long including a sperm nucleus (approximately 2.60 μm long), an acrosome (about 0.63 μm long), and a tail flagellum (approximately 44-47 μm in long). The axoneme of the sperm tail shows a 9+2 structure. In this study, the right and left basal rings in the acrosomal vesicle of this species show electron opaque part (region), and also the anterior apex part of the acrosomal vesicle shows electron opaque part (region). These characteristics of the acrosomal vesicle were found in Pectinidae and other several families in subclass Pteriomorphia. The number of mitochondria in the midpiece of the sperm of this species are four, as one of common characteristics appear in most species in Pectinidae in subclass Pteriomorphia. In addition, the satellite fibres are found near the distal centriole of this species, as have been reported in other species of Pectinidae in subclass Pteriomorphia. Accordingly, structutral characteristics which are found in the acrosomal vesicle, four mitochondria in the sperm midpiece and the appearance of the satellite fibers near the distal centriole of C. (S.) swiftii in Pectinidae (subclass Pteriomorphia), can be employed for phylogenetic and taxonomic analyses as taxonomic key or a significant tool.
INTRODUCTION
In Korea, 26 species in Pectinidae in subclass Pteriomorphia have been reported (Min et al., 2004) .
In general, scallops in Pectinidae comprise one of the more taxonomically perplexing groups of bivalve molluscs, in particular, at the species level (Healy and Lester, 1991) . Aside from their natural resource significance, the scallops in family Pectinidae comprise one of the more taxonomically important group of bivalve molluscs. Recently, spermatogenesis and mature sperm morphology have been documented in many species of bivalve molluscs using electron microscopy (Eckelbarger et al., 1990; Eckelbarger and Davis, 1996; Gaulejac et al., 1995; Chung and Ryou, 2000; Chung et al., 2007 Chung et al., , 2010 . It is well-known that the ultrastructure of the spermatozoon in the bivalves might be related to the systematics of bivalves (Popham et al., 1974) . For that reason, sperm ultrastructure has long been viewed as a tool in assessing phylogenetic relationships in the metazoa through the use of spermiocladistic analysis (Jamiesen, 1987 (Jamiesen, , 1991 Franzén, 1970) .
Previously, of Chlamys sp in Pectinidae, regarding C. farreri, farreri there have been several studies on aspects, of reproduction, including the reproductive cycle (Lioa et al., 1983; Yakovlev and Afeichuk, 1995; Chung, 2008) , ultrastructural study of oogenesis (Chung, 2008) , comparative spermatozoon morphology and bivalve phylogeny (Popham, 1979; Kim, 2001) , growth and spawning (Na et al., 1995; Kang and Zhang, 2000) , spermatogenesis and sexual maturation (Chung et al., 2005) , reproductive ecology and seed production (Lim et al., 1995; Na et al., 1995; Park, 2002) , triploid induction (Yang et al., 1999a) , on ecological aspects, including distribution, habitat and classification (Whang and Kim, 1973; Yoo, 1976; Kwon et al., 1993; Min et al., 2004) , larval growth (Kuang et al., 1997; Yang et al., 1999b) , aquaculture experiment (Lim et al., 1995; Sun et al., 1996 Sun et al., , 1997 . However, regarding C. (S.) swiftii, there have been a few studies on reproduction, including comparative spermatogenesis and comparative ultrastructure of spermatozoa (Kim, 2001) and the reproductive cycle (Kim, 2001) , and on aspect of ecology, including distribution, habitat and classification (Yoo, 1976; Kwon et al., 1993; Min et al.. 2004) . (Franzén, 1956) . Regarding the acrosomal morphology, Healy (1989) reported that different subclasses of bivalves each have unique acrosomal morphologies. Therefore, the acrosomal morphology of the sperm in C. (S.) swiftii should be compared with the species of Pectinidae in subclass Pteriomorphia. In addition, the number of mitochondria in the sperm midpiece tend to be stable within any given family or superfamily (Healy, 1989 (Healy, , 1995 (Chung and Ryou, 2000; Kim, 2001; Chung, 2007 Chung, , 2010 Jun et al., 2009; Kim et al., 2010a,b,c; Kang et al., 2012) . However, fine structural differences in molluscan bivalve sperm structures, which were associated with the evolution of th species, are sometimes used as criteria for classification (Popham, 1979) . Franzen (1970) divided molluscan sperm morphology into two types: 1) the primitive type found in external fertilization species and 2) the modified type found in internal fertilization species.
Transmission electron microscope observation
However, Verdonk et al. (1983) reported that sperm morphology can be divided into four types: 1) primitive, 2) modified, 3) biflagellate, and 4) aflagellate types. In addition to the primitive type and partially modified type of molluscan sperm, a biflagellate type is seen in the triploid Corbicula fluminea and C. leana in natural populations (Komaru and Konishi, 1996; Komaru et al., 1997 ). An aflagellate type was also found in a few crustacean (Kim, 2001) . C. (S.) swiftii undergoes external fertilization and possesses the primitive type of the spermatozoon, unlike the modified type found in most internal fertilization gastropods. The acrosome morphology of the sperm head differs markedly among the species (Popham, 1979) . Table 1 
As shown in

Taxonomic value of sperm morphology and ultrastructure
In particular, the morphology of spermatozoa appears to be a feature necessary for assessing phylogenetic relationships. Ultrastructures of the spermatozoa in 5 subclasses of the bivalves have some differences in the morphologies and positions of the acrosomes of the sperms (Popham, 1979; Gaulejac et al., 1995) . Recently, sperm ultrastructures and acrosomal morphologies of bivalves is considered a valuable tool in assessing taxonomic and phylogenetic problems within the bivalves (Franzen, 1970 (Franzen, , 1983 Popham, 1979; Eckelbarger et al., 1990) , and it is now widely used in taxonomic analyses by acrosomal morphology and the number of mitochondria in the sperm midpiece (Healy, 1995; Popham, 1979) . In general, however, the sizes of sperm nuclei could not be used in taxonomic analyses because morphological characteristics of sperm nuclei were irregular and varied with the species in the same family (Healy, 1995) .
To date, the morphologies of acrosomes in many families in two subclasses Pteriormorphia and Heterodonta have been investigated. We have confirmed that acrosomes can be distinguisable those Heterodonta (Chung et al., 2010 (Chung et al., , 2011 . (Kim, 2001) then a part of the proacrosomal vesicle is uplifted from back to forward.
As shown in Fig. 2, swiftii is similar to C. farreri farreri (Figs. 2a, b, c) , those of Chlamys species are very different from those of P. yessoensis and A. irradians ( Figs. 2A, B, C) . Healy (1995) reported that of sperm ultrastructures of bivalves, the number of mitochondria in the sperm midpiece are now widely used in taxonomic analyses.
That is the reason that the number of mitochondria in the sperm midpiece tends to be stable within any given family or superfamily (Healy, 1989 (Healy, , 1995 .
Recently, some authors (Chung and Ryou, 2000; Kim, 2001; Kim et al., 2010b; Chung et al., 2007 Chung et al., , 2010 described that the number of mitochondria at the midpiece of the spermatozoon of bivalve species in many families in subclasses Pteriomorphia and Heterodonta.
Regarding the number of the mitochondria, Kim Accordingly, we can confirm that the number of mitochondria in the sperm midpiece tends to be stable within any given family or superfamily (Healy, 1989 (Healy, , 1995 . Therefore, we agree with the opinion suggested by Healy (1989 Healy ( , 1995 . However, exceptionally, even though they are the same species and same family, we assume that the number of the mitochondria shows slight differences in number.
In this study, C. (S.) swiftii in Pectinidae such as P. 
